Perceived exertion involves detection and interpretation of sensations arising from the body during physical exercise. Physiological variables such as heart rate and oxygen consumption positively correlate with ratings of perceived exertion (RPE). It is unknown whether the accuracy of predicting exercise intensity from RPE differs between men and women. Therefore, it was examined whether men or women could predict relative exercise intensity, determined by oxygen consumption, more accurately from RPE. Ten male and ten female young adult subjects aged 25.1±3.52 yr volunteered to participate. RPE were determined by the Borg 15-category scale, and a standard Bruce treadmill protocol was used to perform graded exercise testing. There was no significant difference in slope means between males and females (p=0.501). No significant difference was observed when plotting rates of perceived exertion (RPE) vs. percentage of VO2 max. The relative maximal oxygen consumptions (VO2max, rel) were 52.36±7.35 ml/kg/min for males and 41.44±6.71 ml/kg/min for females, respectively and there was a significantly high difference between the two groups in the relative VO2max , as well as figures of 4.05±0.36 l/min for males and 2.53±0.39 l/min for females in the absolute VO2max in this study. There were no significant differences in slope, y-intercept, and standard error of estimate (SEE) between males and females. No significant difference with RPE according to exercise intensity was found between males and females. However, RPE was a useful predictor of exercise intensity in independent genders.
Introduction
In addition to oxygen consumption, heart rate, and blood lactate as indicators of exercise intensity, one also can use the rating of perceived exertion (RPE) [26] . RPE is the most common method used for monitoring individuals for both graded exercise testing (GXT) and prescribing and regulating exercise training intensity. Perceived exertion has been defined as the act of detecting and interpreting sensations arising from the body during physical exercise [10] . To help quantify these sensations, Gunnar Borg [3] proposed a scale consisting of numbers from 6 to 20 with descriptive words printed by every other number, ranging from "very, very light" at 7 to "very, very hard" at 19 [25] . In developing the RPE scale, Borg considered each number increase in RPE to correspond to 10 bts/min increase in heart rate. The subjective rating of the intensity of exertion, as perceived by an exercising person, has been shown to be a good indicator of the physiological work being done [25] . Exercise levels corresponding to higher levels of energy expenditure and physiologic strain produce higher RPE ratings. RPE of 13 or 14 coincides with about 70% HRmax during cycle ergometer and treadmill exercise; an RPE between 11 and 12 corresponds to exercise at the lactate threshold for trained and untrained individuals [27] .
RPE scales have been used as a reliable and valid measurement of exercise intensity [3, 4, 10, 11, 14, 20] . Research has shown that RPE provides a simple and physiologically valid method of regulating exercise intensity [10, 11] . The widespread use of RPE is most likely based on the premise that the physiological relationship is reliable and valid across various physiological (oxygen uptake, heart rate, and physical rate) markers of exercise testing and training conditions [2, 7, 24, 30] . It is known that RPE is linearly related to the increase in exercise intensity based on physiological variables such as heart rate and oxygen consumption [10, 20] . Furthermore, research suggests that the session RPE is a valid method of assessing effort sense associated with a completed bout of aerobic and resistance exercise in both general and athletic populations [8, 16, 17] . These findings suggest that RPE is useful, subjective measure of predicting exercise intensity.
Previous researchers have compared RPE between male and female participants using experimental paradigms that explained the physiological reference criterion in absolute (oxygen uptake, heart rate) [6, 18, 19, 31] and relative (%VO2max/peak, %HRmax/peak) units [6, 18, 19, 29] . The experimental paradigms employed in the investigations cited above generally compared RPE between male and female subjects at a predetermined physiological reference criteria [25] . These experimental paradigms involved dynamic exercise modalities requiring relative metabolic rates ranging between 25% and 90% of mode detail maximal/peak values for oxygen uptake and heart rate. In exercise prescription, the target exercise intensity is determined using information from a prior GXT that yields a direct relationship between exercise intensity and responses of selected physiological variables that can be monitored during exercise.
Treadmill running has significantly higher oxygen consumption and energy expenditure than other kinds of exercise such as stepping, cycling, and rowing [18] . Therefore, treadmill exercise would be the good choice to measure cardiorespiratory endurance and expenditure. RPE, HR, and VO2max were selected as the cardiovascular and aerobic reference criteria because these variables: a) provide metabolic and circulatory function involving exercise and b) are commonly used in experimental paradigms where physiological measures are employed as reference criteria [23] .
Research has been unable to establish whether the accuracy of predicting exercise intensity with RPE significantly differs between men and women during cycling, ergometry, and swimming. Gender differences in RPE have been inconsistent for weight-bearing exercise such as treadmill walking and running [18, 21] . Therefore, the primary aim of this study was to establish the validity of using RPE to rate exercise intensity (% oxygen consumption) independent of gender.
This study is necessary to evaluate cardiovascular and metabolic responses of male and female and to see the difference between them. Based on current research [18, 21] , it was hypothesized that there will be no significant difference in gender reported RPE with exercise intensity determined by oxygen consumption.
Materials and Methods

Subjects
Subjects consisted of 20 male and female volunteers of college age students (25.1±3.52 yr) from the Exercise Science undergraduate and graduate programs. All participants were asymptomatic of illness or disease and free from any acute or chronic injury, as established by the ACSM participant activity readiness Par-Q health questionnaire and an informed consent before participating. All subjects were healthy nonsmokers used no medications and were light to moderate recreational exercisers. Descriptive data were collected at the initial laboratory session including age, weight, and height. Body fat percentage was assessed using Lange calipers (Cambridge, Mass.) and a 3-skinfold site method (men: chest, abdomen, thigh; women: tricep, suprailiac, thigh) [22] .
Measurements and GXT
Perceived exertion was analyzed using the Borg Rating of Perceived Exertion (RPE) scale [3] . Prior to the each exercise test, participants read a standard set of perceptual scaling instructions. The RPE scale was in full view of each participant during the exercise test. These instructions followed an established format used in previous investigations.
The RPE scale consists of a 15-point rating scale ranging from 6 to 20, with 6 being the least exertion and 20 being the most exertion.
Expired gases were analyzed using a ParvoMedics Truemax 2400 metabolic measuring system (Sandy, UT). The Truemax 2400 analyzed expired air to determine oxygen consumption (VO2), carbon dioxide production (VCO2), ventilation (VE), and respiratory exchange ratio (R). Updates of these measures were provided every 20 s. Heart rate was monitored throughout exercise using a wireless chest strap telemetry system (Polar Electro T31, Kempele, Finland). The VO2peak test consisted of a graded exercise test on a treadmill utilizing the protocol developed by Bruce [5] . The Bruce protocol is a maximal exercise test where the athlete works to complete exhaustion as the treadmill speed and incline is increased every three minutes until test termination. VO2peak, and % body fat) of the study participants.
Predicted VO2 from RPE was analyzed using a simple regression for every subject at each minute of exercise. Slope, y-intercept, and standard error of estimate (SEE) were recorded for each subject. In order to determine differences between men and women, independent t-test were used with the average slope, y-intercept, and SEE for men and women.
Results
A complete description of demographic characteristics of the study participants can be found in Table 1 . Twenty college-aged individuals were sampled, 10 male and 10 female. The means for slope, y-intercept, and standard error of estimate (SEE) for males and females are shown in Table   2 . There was no significant difference in slope means for males and females (p=0.501). No significant difference was found between the standard error of estimate means for males and females (p=0.510). There was also no significant difference in the means for y-intercept (p=0.241). P-values for data in Fig. 1 are shown in Table 2 .
Discussion
The primary aim of this study was to establish the validity of using RPE to rate exercise intensity (% oxygen consumption) independent of gender. This study is necessary to evaluate cardiovascular and metabolic responses of male and female and to see the difference between them. I therefore examined whether men or women could predict relative exercise intensity, determined by oxygen consumption, more accurately from RPE. Based on the findings of this study, I concluded that there is no significant difference in gender reported RPE with exercise intensity determined by oxygen consumption ( Table 2) . These findings are supported by other reports concerning RPE as a predictor of exercise intensity measured in absolute and relative VO2 [9, 21] . Robertson et al. [25] found no difference between male and female subjects when compared at three mode specific relative criteria (i.e. % VO2peak). The three modes were treadmill, simulated ski, and cycle exercise. Male and female have been shown to be both similar and dissimilar in RPE during cycling, ergometry, and swimming. Gender differences in RPE have and have not been observed for weight-bearing exercise such as treadmill walking and running [25] . The subject demographics (VO2peak, age, and sample size) were similar between Robertson et al. [25] study and this study. For males and females, HR was similar during treadmill running.
Compared with females, males had significantly greater VO2
and energy expenditure, while females had higher HR.
However, there was no significant difference in the rate of increase for VO2 between genders. RPE were not different from males and females [18, 25] .
This study differed because I used at graded exercise test in order to get more data points, so I am able to examine to entire spectrum or exercise intensities. This study extended these results by reporting RPE in one minute increments as opposed to only 3 specific intensities (70, 80, 90 % relative VO2peak) [21] . By reporting RPE at one-minute increments, I gained more data points. Thus, this study assessment of prediction accuracy is more complete. Another study with similar demographics focused on trained and untrained men and women and treadmill exercise. RPE was taken at 4 data points (50, 60, 70, 80 % relative VO2peak) [7] . Demello et al. [7] reported no significant gender or training-related differences between RPE and 50, 60, 70, 80 % VO2peak. Thus, the current study's data is in agreement with other studies [7, 21] , in that, RPE predicts relative exercise intensity similarly in men and women. Recent research by Eston and colleagues [12, 13, 15] have reported that there were no statistically significant differences between measured VO2max and VO2max predicted from the submaximal, perceptually regulated exercise test in each of these aforementioned studies, regardless of gender and fitness.
Other articles here reported gender differences at absolute workloads as expressed in % of VO2peak [25] . Robertson et al. [25] also reported gender differences at absolute VO2max/peak based on maximal aerobic power. Men achieved higher VO2max/peak than women at given absolute workloads. Whereas women achieved a larger relative aerobic metabolic rate than men at the same given submaximal absolute workloads. Therefore, gender differences result when compared at absolute VO2 due to the greater relative aerobic metabolic strain for women than men.
The ACSM guideline recommends that individuals exercise at 40 or 50 % to 85 % of VO2max [1] . Not all individuals have access to the necessary equipment to measure oxygen consumption or even HR, so RPE can be a useful tool for estimating exercise intensity. With practice an individual can learn to associate RPE with a specific target exercise HR, especially at higher exercise intensities. Thus, the RPE can be used instead of HR, or in combination with HR, to monitor training intensity and to adjust the exercise prescription for conditioning effects.
In conclusion, previous research examining RPE differences between male and female and comparing overall and differentiated RPE between treadmill and cycling exercise has been equivocal and in the latter case also limited. Results of this study show no gender differences in RPE with exercise intensity determined by oxygen consumption. One main concern could be that the RPE scale may not be accurate for predicting exercise intensity when compared to men and women. The findings of this study suggest that RPE is a useful predictor of exercise intensity in independent of gender.
